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• Objective: Develop an improved estimating methodology 
to capture Management, Systems Engineering, Mission 
Assurance, and Integration & Test costs 

– Explore alternatives to the “wrap factor” approach 

– Cover robotic science spacecraft projects (unmanned) 

• Effort began with proof-of-concept rapid prototype 
development using an approach similar to what is used for 
the NASA Space Operations Cost Model (SOCM) 

• 2nd Modeling effort explored three alternatives: 

– Standard regression approach 

– Constructive, SOCM-like approach (relies on expert judgment) 

– Statistical approach using Principal Component Analysis (PCA) 

Objective & Approach 
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NASA WBS Elements Included 

NASA WBS items 

included for this 

modeling effort 
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Study Timeline/Schedule 

Rapid 
Prototype 
“Proof-of-
Concept” 

Developed with 
initial normalized 

data  set of 20 
projects 

Utilized findings 
from past 

studies, which 
included 

interviews with 
PM/SE/MA/I&T 

experts from 
more than a 

dozen projects 

Reviewed approach 
with cost modeling 

experts 

Continued data 
collection & 

normalization to 
expand data set 

Expanded to > 40 
projects 

Identified candidate cost 
drivers (model inputs) 

Explored multiple 
modeling 

approaches and 
compared 

findings/results 

Continually refined 
each approach 
incorporating 

lessons-learned 
from each attempt 

Includes Standard Regression, 
Constructive/SOCM-based, 

and Advanced Statistical 
options 

Lessons-learned include 
observations of input sensitivity 

and project differences 

Constructive 
Model Option 
(SOCM-based) 

Statistical 
Model Option 
(PCA-based) 

Uses data-derived 
input weightings 
and lower-level 

cost ranges 

Uses advanced 
statistical analysis 
to develop CERs 

Feb/Mar 2014 Apr/May 2014 May-Jul 2014 
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Rapid Prototype Inputs 

• Individual input weightings are assigned for each WBS element 
(PM/SE/MA/I&T) in each phase (Design/Fab/I&T/Launch Ops) 

In
p

u
ts

 U
se

d
 f

o
r 

R
ap

id
 P

ro
to

ty
p

e
 



6 

Rapid Prototype Comparison 
to Wrap Factors, 1 of 2 

SURFCOM = Support Function Cost Model 
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Rapid Prototype Comparison 
to Wrap Factors, 2 of 2 

SURFCOM = Support Function Cost Model 
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Model Development 
A fork in the road 

Although the prototype approach showed 
improvement over using wrap factors, it lacked the 

traceability to the data that comes with a more 
math/statistics-based approach. 

“Common-Sense” Path 
Explored optimization of a 
constructive SOCM-type 

approach 

Math/Statistics Path 
Explored standard regression 
and other advanced statistical 

approaches 

Although separate paths 
were explored, there was 
significant “cheating”, 
where progress down one 
path was gained from a 
successful/failed attempt 
down a different path 
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Expanded Model Data Set 
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• Before going further with 
any modeling attempts, 
additional data was analyzed 
and normalized to provide 
an expanded data set 

• The data set used for the 
initial prototype effort was 
more than doubled 

• The process used for 
normalizing the data was 
applied to the latest launch 
CADRe (described in a 
separate presentation) 
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Data Levels 

Level 3 (LOCO) 

Level 3 (I&T) 

Level 3 (Fab.) 

Level 3 (Dsgn.)  

Level 2 

Level 1 Total PM/SE/MA/I&T (All Phases) 

PM Total      
(All Phases) 

PM – Dsgn. 
Phase 

PM – Fab. 
Phase 

PM – I&T 
Phase 

PM – LOCO 
Phase 

SE Total            
(All Phases) 

SE – Dsgn. 
Phase 

SE – Fab. 
Phase 

SE – I&T 
Phase 

SE – LOCO 
Phase 

MA Total               
(All Phases) 

MA – Dsgn. 
Phase 

MA – Fab. 
Phase 

MA – I&T 
Phase 

MA – LOCO 
Phase 

I&T Total          
(All Phases) 

I&T – Dsgn. 
Phase 

I&T – Fab. 
Phase 

I&T – I&T 
Phase 

I&T – LOCO 
Phase 

Design (Dsgn.) Phase is defined as the period between start of Phase B and CDR   
Fabrication (Fab.) Phase is defined as the period between CDR and SIR   
Integration & Test (I&T) Phase is defined as the period between SIR and Ship (to launch site)  
Launch Ops. & Check Out (LOCO) Phase is defined as the period between Ship and End of On-Orbit C/O  
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Model Development 
Standard Regression Approach 

• A standard regression analysis was performed 
using Excel to give a baseline for the analysis.  

– Best fits were mostly linear 

– Outliers were present but were not removed 

– 𝑅2 values ranged from approximately 0.2 to 0.8 

• The relationships obtained from this analysis were 
used to estimate the observations in the data set 
at all 3 levels.  

– The percent difference was approximately the same 
across all the levels at -60% to 350% 
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Standard Regression Approach Results 
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Model Development 
Constructive Approach 

1) Developed ranges for each item 
across each development phase 
using normalized data results 

2) Assigned input weightings – this process used a combination of 
common-sense (using past studies and experience) and results from 
statistical analysis (= cheating) 

3) Input weightings 
include weightings 
for each input 
option and for each 
input to a specific 
WBS/phase 
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Constructive Approach Results 

Constructive Approach was only applied at Level 3 
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Model Development 
Principle Component Analysis Approach 

1) A correlation matrix was generated to 
get a sense of the of the dependency 
between variables.  

 

• Several of the variables appeared to be 
correlated, making PCA an attractive method 
to apply to the data set. 

2) The principal components were 
determined using an algorithm 
developed in Python.   
 

• The first 6 principal components which 
account for 85% of variance in the data set 
were selected and used to determine which 
of the 20 variables were most likely related to 
cost.  

3) For each of the 21 data sets examined, 4 subsets of the 20 variables 
were run through a multiple regression routine to determine the new 
cost estimating relationships.    
 



16 

Principle Component Analysis 
Approach Results 
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Modeling Method 
Performance Comparisons 
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Results 

TBD 
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Findings and Next Steps 

•Findings  
– Each of the modeling approaches developed provides an 

improvement over the wrap factor approach. The PCA approach 
provides the best results at levels 1, 2 and 3  
• The Level3 constructive approach range of errors is between -50% - 185% 

• The Level 3 PCA approach range of errors is between -50% - 65% 
 

•Next Steps  
– Consider eliminating extreme outliers  

– Try to improve the normalized data set by:  
• Increasing the number of normalized observations 

• Improve support function lower level allocations in the normalized data  

– Explore non-linear statistical techniques 

– Subject Matter Expert review of inputs and relationships  
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BACKUP 
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BACKUP 

CONSTRUCTIVE APPROACH DETAILS 
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Constructive Approach Results 
Total PM/SE/MA/I&T 
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Constructive Approach Results 
Total PM 
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Constructive Approach Results 
Total SE 
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Constructive Approach Results 
Total MA 
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Constructive Approach Results 
Total I&T 
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Constructive Approach Results 
PM - DESIGN 
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Constructive Approach Results 
PM - FAB 
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Constructive Approach Results 
PM – I&T 
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Constructive Approach Results 
PM - LOCO 
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Constructive Approach Results 
SE - DESIGN 
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Constructive Approach Results 
SE - FAB 
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Constructive Approach Results 
SE – I&T 
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Constructive Approach Results 
SE - LOCO 
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Constructive Approach Results 
MA - DESIGN 
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Constructive Approach Results 
MA - FAB 
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Constructive Approach Results 
MA – I&T 
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Constructive Approach Results 
MA - LOCO 
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Constructive Approach Results 
I&T - DESIGN 
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Constructive Approach Results 
I&T - FAB 
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Constructive Approach Results 
I&T – I&T 
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Constructive Approach Results 
I&T - LOCO 
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Constructive Approach Results 
Data Ranges and Input Weightings 
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BACKUP 

STATISTICAL APPROACH DETAILS –  
Standard Regression Approach 
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Standard Regression Approach Results 
Total PM/SE/MA/I&T for Phases B/C/D 
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Standard Regression Approach Results 
Total PM for Phases B/C/D 
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Standard Regression Approach Results 
Total SE for Phases B/C/D 
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Standard Regression Approach Results 
Total MA for Phases B/C/D 
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Standard Regression Approach Results 
Total I&T for Phases B/C/D 
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Standard Regression Approach Results –  
PM for the Design Phase  
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Standard Regression Approach Results –  
PM for the Fabrication Phase  
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Standard Regression Approach Results –  
PM for the I&T Phase  
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Standard Regression Approach Results –  
PM for the LOCO Phase  
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Standard Regression Approach Results –  
SE for the Design Phase  
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Standard Regression Approach Results –  
SE for the Fabrication Phase  
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Standard Regression Approach Results –  
SE for the I&T Phase  
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Standard Regression Approach Results –  
SE for the LOCO Phase  
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Standard Regression Approach Results –  
MA for the Design Phase  
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Standard Regression Approach Results –  
MA for the Fabrication Phase  
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Standard Regression Approach Results –  
MA for the I&T Phase  
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Standard Regression Approach Results –  
MA for the LOCO Phase  
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Standard Regression Approach Results –  
I&T for the Design Phase  
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Standard Regression Approach Results –  
I&T for the Fabrication Phase  
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Standard Regression Approach Results –  
I&T for the I&T Phase  
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Standard Regression Approach Results –  
I&T for the LOCO Phase  
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BACKUP 

STATISTICAL APPROACH DETAILS –  
PCA Approach 
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Data Set Correlation Matrix 
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Results of the PCA  
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Variance Explained by PCA Components 
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PCA Approach Results 
Total PM/SE/MA/I&T for Phase B/C/D  
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PCA Approach Results –  
Total PM for Phase B/C/D  
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PCA Approach Results –  
Total SE for Phase B/C/D  
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PCA Approach Results –  
Total MA for Phase B/C/D  
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PCA Approach Results –  
Total I&T for Phase B/C/D  
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PCA Approach Results –  
PM for the Design Phase  
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PCA Approach Results –  
PM for the Fabrication Phase  
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PCA Approach Results –  
PM for the I&T Phase  
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PCA Approach Results –  
PM for the LOCO Phase  
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PCA Approach Results –  
SE for the Design Phase  



80 

PCA Approach Results –  
SE for the Fabrication Phase  
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PCA Approach Results –  
SE for the I&T Phase  
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PCA Approach Results –  
SE for the LOCO Phase  
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PCA Approach Results –  
MA for the Design Phase  
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PCA Approach Results –  
MA for the Fabrication Phase  
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PCA Approach Results –  
MA for the I&T Phase  
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PCA Approach Results –  
MA for the LOCO Phase  
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PCA Approach Results –  
I&T for the Design Phase  
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PCA Approach Results –  
I&T for the Fabrication Phase  
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PCA Approach Results –  
I&T for the I&T Phase  
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PCA Approach Results –  
I&T for the LOCO Phase  
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PCA Support Function CERs – Level 1 /2 

• Equations take the form of: 
– LN($/mo) = α·LN(Parameter 1) + β·LN(Parameter 2) +……..+ Constant 

• For example, the equation for Total MA would be: 

– Total MA Cost ($/mo FY14) = 𝑒1.0714∙𝐿𝑁 𝐿𝐸𝐴𝐷 𝑂𝑅𝐺.  + 1.4507∙𝐿𝑁 𝑃𝐴𝑅𝑇𝑆 𝑅𝐴𝑇𝐼𝑁𝐺 +1.8207 



92 

PCA Support Function CERs – Level 3 (PM) 

• Equations take the form of: 
– LN($/mo) = α·LN(Parameter 1) + β·LN(Parameter 2) +……..+ Constant 
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PCA Support Function CERs – Level 3 (SE) 

• Equations take the form of: 
– LN($/mo) = α·LN(Parameter 1) + β·LN(Parameter 2) +……..+ Constant 
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PCA Support Function CERs – Level 3 (MA) 

• Equations take the form of: 
– LN($/mo) = α·LN(Parameter 1) + β·LN(Parameter 2) +……..+ Constant 
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PCA Support Function CERs – Level 3 (I&T) 

• Equations take the form of: 
– LN($/mo) = α·LN(Parameter 1) + β·LN(Parameter 2) +……..+ Constant 


